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CLAIMS :::::;:: .. t:::: 

[Claim(s)] . 

[Claim 1] A semiconductor device characterized by preparing a semiconductor layer ot a pattern or six 
square shapes, and making mutually the crystal face of a side wall of said semiconductor layer into an 
equivalence side. - 
[Claim 2] A semiconductor device characterized by preparing said semiconductor layer divided by pattern ot 
six square shapes, and making mutually the crystal face of a side wall of said divided semiconductor layer 
into an equivalence side with a trench formed in one principal plane of a semiconductor layer. 
[Claim 3] A semiconductor device which prepares said semiconductor layer divided by pattern of six square 
shapes with a trench formed in one principal plane of a semiconductor layer, makes an equivalence side 
mutually the crystal face of a side wall of said divided semiconductor layer, and is characterized by preparing 
an insulator layer in a side wall of said semiconductor layer. 

[Claim 4] With a trench formed in one principal plane of a semiconductor layer, said semiconductor layer- 
divided by pattern of six square shapes is prepared. Make mutually the crystal face of a side wall of said 
divided semiconductor layer into an equivalence side, and an insulator layer is prepared in a side wall of said 
semiconductor layer. A semiconductor device characterized by having prepared a control electrode which 
consists of an electrical conducting material in said trench, and constituting an insulated-gate mold 
semiconductor device from a side wall of said control electrode and said insulator layer, and said divided 
semiconductor layer. . 
[Claim 5] An insulator layer which prepared said semiconductor layer divided by pattern of six square shapes 
made an equivalence side-mutually the crystal face of a side wall of said divided semiconductor layer, and 
was formed in a side wall of said semiconductor layer with a trench formed in one principal plane of a 
semiconductor layer, A gate electrode which was laid underground in said trench and which consists of an 
electrical conducting material, and a source field formed in one principal plane of said semiconductor layer, A 
semiconductor device characterized by constituting an insulated-gate mold semiconductor device from a 
drain field established in a field of the opposite side, and said gate electrode and said insulator layer, and a 
channel field established in a side wall of said semiconductor layer with one principal plane of said 
semiconductor layer. 

[Claim 6] A semiconductor layer of one conductivity type used as a drain, and a channel field of a reverse 
conductivity type formed in the surface of said semiconductor layer, A source field and said channel field of 
a reverse conductivity type formed in the surface of said channel field are penetrated. A trench which forms 
said semiconductor layer divided by pattern of six square shapes is prepared. Make mutually the crystal face 
of a side wall of said divided semiconductor layer into an equivalence side, and an insulator layer is formed in 
a side wall of said semiconductor layer. A semiconductor device characterized by having formed a gate 
electrode which consists of an electrical conducting material in said trench, and constituting an 
insulated-gate mold semiconductor device from said gate electrode and said insulator layer, and said channel 

field. " . , r 

[Claim 7] The 1st semiconductor layer of one conductivity type, and the 2nd semiconductor layer ot a 
reverse conductivity type formed on said 1st semiconductor layer, A channel field of one conductivity type 
formed in the surface of the 3rd semiconductor layer of a reverse conductivity type formed on said 2nd 
semiconductor layer, and said 3rd semiconductor layer, A source field and said channel field of a reverse 
conductivity type formed in the surface of said channel field are penetrated. A trench which forms said 
semiconductor layer divided by pattern of six square shapes is prepared. Make mutually the crystal face of a 
side wall of said divided semiconductor layer into an equivalence side, and an insulator layer is formed in a 
side wall of said semiconductor layer. A semiconductor device characterized by having formed a gate 
electrode which consists of an electrical conducting material in said trench, and constituting an 
insulated-gate mold semiconductor device from said gate electrode and said insulator layer, and said channel 

[Claim 8] A semiconductor device given in either of claims 1, 2, 3, 4, 5, 6, and 7 which is characterized by 
the crystal face of one principal plane of said semiconductor layer being a field (1 1 1 ) or a field of the near. 
[Claim 9] A semiconductor device given in either of claims 1, 2, 3, 4, 5, 6. 7, and 8 characterized by the 
crystal face of said side wall being a field (110) or a field of the near. 

[Claim 10] A semiconductor device given in either of claims 1, 2, 3, 4, 5, 6, 7, 8, and 9 characterized by 
having carried out fixed gap alienation and having arranged many patterns or said semiconductor layers 
which were divided of said six square shapes. 

[Claim 1 1] A semiconductor device given in either of claims 3, 4, 5, 6, and 7 characterized by said insulator 
layer being a film which contains silicon oxide at least. 
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[Claim 12] A semiconductor device given in either of claims 3. 4, 5, 6, 7, and 11 to which thickness of an 
insulator layer formed in 6 side walls of said semiconductor layer is characterized by substantially uniform 

[Clafm 13] A semiconductor device given in either of claims 4, 5, 6 f and 7 characterized by each threshold in 
each side wall of an insulated-gate mold semiconductor device formed in 6 side walls of said semiconductor 
layer being substantially equal. 

[Claim 14] a swage block — a semiconductor device characterized by preparing a semiconductor layer ot a 
pattern of a ** and making mutually the crystal face of a side wall of said semiconductor layer into an 

equivalence side. , . 

[Claim 15] A semiconductor device characterized by preparing said semiconductor layer which continues in 
the shape of [ of a bee ] a nest, and making mutually the crystal face of a side wall of said semiconductor 
layer into an equivalence side with a trench of six square shapes formed in one principal plane of a 
semiconductor layer. . 
[Claim 16] A semiconductor device which prepares said semiconductor layer which continues in the shape a 
[ of a bee ] a nest with a trench of six square shapes formed in one principal plane of a semiconductor layer, 
makes an equivalence side mutually the crystal face of a side wall of said semiconductor layer, and is 
characterized by preparing an insulator layer in a side wall of said semiconductor layer. 
[Claim 17] A semiconductor device characterized by having prepared said semiconductor layer which 
continues in the shape of [ of a bee ] a nest, having made mutually the crystal face of a side wall of said 
semiconductor layer into an equivalence side, having prepared an insulator layer in a side wall ot said 
semiconductor layer, having prepared a control electrode which consists of an electrical conducting materia 
in said trench, and constituting an insulated-gate mold semiconductor device from a side wall of said control 
electrode and said insulator layer, and said semiconductor layer with a trench of six square shapes formed in 
one principal plane of a semiconductor layer. m 

[Claim 18] An insulator layer which prepared said semiconductor layer which continues in the shape ot L ot a 
bee ] a nest made an equivalence side mutually the crystal face of a side wall of said semiconductor layer, 
and was formed in a side wall of said semiconductor layer with a trench of six square shapes formed in one 
principal plane of a semiconductor layer, A gate electrode which was laid underground in said trench and 
which consists of an electrical conducting material, and a source field formed in one principal plane of said 
semiconductor layer, A semiconductor device characterized by constituting an insulated-gate mold element 
from a drain field established in a field of the opposite side, and said gate electrode and said insulator layer, 
-and a channel field established in a side wall of said semiconductor layer with one principal plane of said 
semiconductor layer. 

[Claim 19] With a trench of six square shapes which prepare a semiconductor layer of one conductivity type 
used as a drain, a channel field of a reverse conductivity type formed in the surface of said semiconductor 
layer and a source field of a reverse conductivity type formed in the surface of said channel field and 
penetrate said channel field Prepare said semiconductor layer which follows a ** and the crystal face ot a 
side wall of said semiconductor layer is mutually made into an equivalence side, a swage block — A 
semiconductor device characterized by constituting an insulated-gate mold semiconductor device from a 
channel field which formed an insulator layer in a side wall of said semiconductor layer, formed a gate 
electrode which consists of an electrical conducting material in said trench, and was established in a side 
wall of said gate electrode and said insulator layer, and said semiconductor layer. 

[Claim 20] The 1st semiconductor layer of one conductivity type, and the 2nd semiconductor layer of a 
reverse conductivity type formed on said 1st semiconductor layer, A channel field of one conductivity type 
formed on the 3rd semiconductor layer of a reverse conductivity type formed on said 2nd semiconductor 
layer and said 3rd semiconductor layer, With a trench of six square shapes which prepare a source field of a 
reverse conductivity type formed in the surface of said channel field, and penetrate said channel field 
Prepare said semiconductor layer which follows a ** and the crystal face of a side wall of said 
semiconductor layer is mutually made into an equivalence side, a swage block — A semiconductor device 
characterized by constituting an insulated-gate mold semiconductor device from a channel field which 
formed an insulator layer in a side wall of said semiconductor layer, formed a gate electrode which consists 
of an electrical conducting material in said trench, and was established in a side wall of said gate electrode 
and said insulator layer, and said semiconductor layer. 

[Claim 21] A semiconductor device given in either of claims 14, 15, 16, 17, 18, 19, and 20 characterized by 
the crystal face of one principal plane of said semiconductor layer being a field (1 1 1) or a field of the near 
[Claim 22] A semiconductor device given in either of claims 1 4, 1 5, 1 6, 1 7, 1 8, 1 9, 20, and 21 characterized 
by the crystal face of said side wall being a field (110) or a field of the near. 

[Claim 23] A semiconductor device given in either of claims 16, 17, 18, 19, and 20 characterized by said 
insulator layer being a film which contains silicon oxide at least. m 
[Claim 24] Claims 16, 17, 18, 19, 20, and 23 to which thickness of an insulator layer formed in 6 side walls ot 
said semiconductor layer is characterized by substantially uniform thing are not, but it is a semiconductor 

device given in **. , , , 

[Claim 25] A semiconductor device given in either of claims 16, 17, 18, 19, and 20 characterized by each 
threshold in each side wall of an insulated-gate mold semiconductor device formed in 6 side walls of said 
semiconductor layer being substantially equal. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[The technical field to which invention belongs] Especially this invention relates to the semiconductor device 

of the insulated-gate mold which has trench structure about a semiconductor device. 

[0002] 

[Description of the Prior Art] In the latest vertical mold MOSFET, since it is easy to acquire a low on 
resistance property structurally, the so-called trench mold of the structure which embedded the gate 
electrode at trench Mizouchi attracts attention. As for the vertical mold MOSFET which has such trench 
mold structure, the structure and the outline of a manufacturing process are indicated by JP,4-1 46674,A, 
jp 5—335582 A etc. 

[0003] An example of such structure of a vertical mold MOSFET is explained with reference to drawing 13 . 
It is formed in the depth to which many trenches 1 3 reach the semiconductor substrate which has the P 
type channel field 12 on the surface, and has N type drain layer 11a and N+ mold drain layer 1 1b in the lower 
part across the P type channel field 12 at N type drain layer 11a. Gate oxide 14 is formed in the surface of 
the trench 13, and the gate electrode 15 with which the interior consists of polycrystalline silicon etc. is laid 
further underground. And the source field 16 of N+ is formed. An insulating layer 17 is arranged on the gate 
electrode 15, the metal electrodes 18, such as aluminum, are formed all over a eel field, and this insulating 
layer 17 is carrying out insulating separation of the gate electrode 15 and the metal electrode 18. And it is 
constituted so that a metal electrode 18 may carry out electrical connection to the source field 16 and the 
channel field 12. _ _ _ _ _ _ . ."_ j 

[0004] In the vertical mold MOSFET of the starting structure, by giving the voltage beyond a predetermined 
threshold to the gate electrode 1 5, the inversion layer of N type is formed along with the trench in the 
channel field 12 of P type, and a current path is formed between the drain layers 11a and 1 1b of an N-type 
semiconductor substrate, and the source field 16 of N+ mold. Between the source drains of a vertical mold 
MOSFET will be in an ON state by this, by making voltage of the gate electrode 15 below into a threshold, 
the inversion layer of the N type of the channel field 12 will be lost, and between the source drains of a 
vertical mold MOSFET will be in an OFF state. According to the vertical mold MOSFET to apply, since there 
is no junction type FET effect peculiar to the vertical mold MOSFET of a planar mold, the advantage that the 
on resistance can be made small arises. 

[0005] By the way, in silicon society, the semiconductor wafer 1 9 of field bearing (100) as shown in 
manufacture of a semiconductor device at drawing 1 4 is used abundantly. Since a field defines field bearing 
by the inverse number of the coordinate value which crossed the axis of coordinates, field bearing (100) of 
intersection y and the z-axis is infinite at a x-axis = (100) shaft and "1", crosses, namely, means the crystal 
face at which it does not cross. Therefore, the crystal face (100) is exposed to the surface, and this silicon 
wafer 19 forms many semiconductor chips 20 in a field (100). Usually, the crystal orientation of OF 
(orientation flat) is the <100> directions. It is arranged at equal intervals across the field where each has a 
rectangular configuration and a semiconductor chip 20 serves as a scribe line. Moreover many 
semiconductor chips 20 are arranged so that said scribe line may become parallel to OF (refer to drawing). 
[0006] Drawing 1 5 is the perspective diagram expanding and showing the condition when manufacturing the 
trench mold MOSFET to the semiconductor chip 20 of the above-mentioned (100) wafer 19. 
[0007] The channel field 1 2 has the configuration of an abbreviation square, and is putting many channel 
fields 12 of this square in order at the fixed gap in all directions. The trench 13 of constant width encloses 
the perimeter of each channel field 12. That is, a trench 13 becomes grid-like. In each channel field 12, the 
source field 16 encloses the circumference portion of the channel field 12 annularly. Moreover, the source 
field 16 is exposed to the side wall of a trench 13. In addition, the field defined by the configuration of one 
channel field 12 is called a "unit cell." "The pattern configuration of a unit cell" means the configuration 
which the side wall of a trench 13 forms. Thus, when OF side is set to (100) with a wafer (100) and the 
configuration of a unit cell is made into a rectangle, as for four side walls surrounding the channel field 12, al 
serve as the crystal face (100). Moreover, the base of a trench 13 also turns into the crystal face (100). 1 1 
is a semiconductor substrate. 

[Problem(s) to be Solved by the Invention] The on resistance Rds of the 1st purpose vertical mold MOSFET 
(on) is in inverse proportion to the number of the eel per unit area. Therefore, it is a technical problem 
important when increasing the number of the eel which can be contained to per unit area reduces on 
resistance Rds (on). However, there was a defect that there was a limit naturally with the process tolerance 
of a photoetching production process. Therefore, the 1st purpose of this invention is in the semiconductor 
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device which has a trench to increase the number of the unit cell which can be contained to per unit area 
by leaps and bounds. 

[0009] In order to attain the 1st above-mentioned purpose, an invention-in-this-application person came to 
consider the pattern array as shown in drawing 16 (A). This makes the pattern configuration 21 of a unit cell 
six square shapes (preferably positive six square shapes), and arranges this pattern 21 at intervals of [ a ] a 
cel. The eel gap a is the distance from the point center of six square shapes to a point center, and Rhine to 
which from a point center to a point center is connected constitutes an equilateral triangle. 
[0010] The pattern array of positive six square shapes enables eel arrangement of high density compared 
with the conventional pattern array shown in drawing 16 (B). The conventional pattern array is a pattern 
which made the pattern configuration 21 of a unit cell the square, and has arranged it at intervals of [ a ] a 
eel (eel pitch). Rhine to which from a point center to a point center is connected constitutes a square. In 
addition, gate length GW is equal to the circumference length (sum of the length of each side) of a pattern 
21. If the eel pitch a is made the same and the area per unit cell (pattern 21) is measured simply, positive six 
square shapes will become one about 0.86 times the area of this to a square. Consequently, when the eel 
gap a is made the same, the number of eels per unit area can be increased by about 1.16 times. 
[0011] If the trench 13 of the 2nd purpose, however six square shapes is formed in the semiconductor wafer 
19 of field bearing (100), a crystallographic new trouble will arise. Since the silicon single crystal constitutes 
the cubic lattice crystallographically, the crystal face of the side wall of a trench 13 stops namely, agreeing 
in a field (100). In addition, the crystal face of the side wall of a trench 13 in which it is located each sides 
21a-21f of the pattern 21 shown in drawing 16 (A) becomes uneven. 

[0012] Since it depends for electric / electronic property on the surface of silicon on the crystal orientation 
remarkably, that the crystal face of the side wall of a trench 13 is mutually uneven means that the electrical 
characteristics of an MOSFET element become an ununiformity with each side wall. For the reason, the side 
wall with which drain current tends to flow, and the side wall which cannot flow easily will arise. 
[0013] Furthermore, since a difference is in the growth rate of an oxide film by crystal orientation when gate 
oxide 14 is formed in the side wall of the trench slot 13 by thermal oxidation, the fault of becoming an 
ununiformity also produces the thickness of gate oxide 14. Consequently, as a difference arose in each side 
wall and the threshold Vt of MOSFET showed drawing 9 . the gate voltage Vg-drain current Id property got 
worse, and also there were a defect that switching time increases, and a defect referred to as becoming 
easy to generate destruction by current concentration. 

[0014] Therefore, the 2nd purpose of this invention is in the insulated-gate mold semiconductor device in 
which the trench-13 of six square shapes was formed to cancel the crystallographic ununiformity in. trench 
13 side wall. 
[0015] 

[Means for Solving the Problem] This invention was made in view of the conventional defect mentioned 
above, and makes this pattern six square shapes in a semiconductor device which constituted a pattern from 
a trench in a semiconductor substrate. 

[0016] Furthermore, by making a semiconductor substrate of field bearing (111) into a starting point, a 
pattern is constituted so that the electrical characteristics of a side wall of a trench may become equal 
mutually. 
[0017] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. 

[0018] The semiconductor device of this invention makes it the 1st main point to have formed the pattern 
of abbreviation 6 square shape with the trench. Moreover, field bearing makes it the 2nd main point to use 
the semiconductor wafer of (1 1 1 ). First of all, the example of the pattern of crystal orientation and six 
square shapes is explained. 

[0019] The 1st pattern: Drawing 1 is the (A) plan and the (B) perspective diagram showing the 1st example 
of the pattern 30 of six square shapes formed with the trench. 

[0020] On the surface of the silicon semiconductor substrate 51, the pattern 30 of many same 
configurations and the same size is arranged in all directions. Angles theta are six square shapes which are 
ten 120-degree double signs respectively, and, as for a pattern 30, it is desirable that they are positive six 
square shapes whose theta is 120 degrees preferably. Two or more patterns 30 are arranged so that the 
distance a from the center of a pattern 30 to a center may become fixed mutually. Moreover, when patterns 
30 are positive six square shapes, Rhine which connects a center and a center is arranged so that an 
equilateral triangle 31 may be constituted. Each side of six square shapes is parallel to the side of the six 
next square shapes, and the distance b is regularity altogether. 

[0021] A trench 32 is formed in the surface of a substrate 51. A trench 32 is the slot perpendicularly 
investigated from the substrate 51 surface, width of face (distance b) with a fixed trench 32, and the fixed 
depth — having — the shape of a grid, and a swage block — it is continuing in the configuration of a **. 
The side wall 33 of the semiconductor layer 34 is formed along the six sides of a pattern 30. The side wall 
33 of a semiconductor layer is also a side wall of a trench 32. Each becomes independent in the shape of an 
island, and the each is surrounded for a pattern 30 by the trench 32 in the perimeter. Therefore, the 
configuration of a pattern 30 is formed of part 32a which the surface and the trench 32 of the 
semiconductor layer 34 intersect. These trenches 32 can be obtained by carrying out anisotropic etching of 
the silicon single crystal substrate 51 alternatively. 

[0022] The 2nd pattern: Drawing 2 is the (A) plan for explaining the 2nd pattern, and the (B) perspective 
diagram. The 2nd pattern is different to a trench 32 surrounding [ the 1st pattern ] the perimeter of a 
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pattern 30 at the point which formed the trench 32 inside the pattern 30. It is dotted with a trench 32 in the 
shape of an island, and the semiconductor layer 34 of constant width and fixed height encloses the 
perimeter of each pattern 30. The depth of a trench 32 is fixed. Similarly the side wall 33 of the 
semiconductor layer 34 constitutes the pattern 30 of six square shapes. Since the configuration of a pattern 
30, arrangement, gaps a and b, etc. are the same as the 1st pattern, explanation is omitted. 
[0023] By these arrangement, the number of the pattern 30 which can be contained to per unit area can be 
increased sharply. Since it explained in drawing 16 , the comparison with a square pattern and the pattern 30 
of six square shapes is omitted. 

[0024] Therefore, the element can be used as a high current element when a semiconductor device which 
passes channel current in accordance with the side wall 33 of the semiconductor layer 34 is formed. 
[0025] In the 1st and the 2nd pattern which were explained above, a still more suitable semiconductor 
device can be obtained by choosing the crystal face of the side wall 33 of the semiconductor layer 34. That 
is, field bearing of a substrate 51 is set to (1 1 1) corresponding to the pattern 30 of six square shapes. In 
addition, field bearing (111) means an intersection and the crystal face which similarly crosses a z-axis- 
<001> shaft at 1 as a x-axis= <100> shaft by 1 an intersection, a y-axis= <010> shaft, and 1. 
[0026] Drawing 3 is the plan which observed the cubic system three dimensional model of a silicon single 
crystal from the perpendicular direction to the field (1 1 1). A field (111) constitutes a horizontal plane, the si> 
surrounding sides 35-40 constitute a perpendicular side wall to space, and others constitute the field which 
inclined to space from this condition. And each sides 35-40 should constitute positive six square shapes, 
and all the side walls exposed each sides 35-40 should note being an equivalence side (mirror side) to the 
crystal-face (110) side. For example, {110}, {101], {01 1), etc. are the crystal faces of equivalence to a field 
altogether (110). All of the electrical characteristics of **s, such as electronic mobility in the silicon surface 
interface state density, and a growth rate of silicon oxide, of the crystal face of equivalence are equal. 
[0027] Drawing 4 is the perspective diagram showing a six[ when forming six-sided prisms along each sides 
35-40 ] -sided prism, the upper surface and the inferior surface of tongue of six-sided prisms or (1 1 1) it 
becomes the equivalence side and six perpendicular side walls corresponding to each sides 35-40 become 
an equivalence side [ all (1 10) ]. 

[0028] By using such a crystallographic property, it becomes possible to constitute mutually the crystal face 
of the side wall 33 of the semiconductor layer 34 from an equal field. For example, if it is made a gestalt 
which arranges the six-sided prisms shown in drawing 4 every pattern 30 in the example of drawing 1 (B), it 
is possible to expose a field (110) on each side wall 33 of the semiconductor layer 34. It is possible to 
expose a field (1 10) on each side wall 33 similarly in -the example of drawing 2 (B). 

[0029] In manufacture of an actual semiconductor device, the semiconductor wafer 41 of field bearing (111) 
shown in drawing 5 is used. A field (111) is exposed to the surface and this wafer 41 forms many 
semiconductor chips in this surface. Although the orientation flat OF considered as crystal orientation 
<1 10>, it is good also in the other bearings. And a pattern 30 is formed by arrangement arrangement and 
each sides 35-40 of the pattern 30 of six square shapes cross at right angles to crystal orientation <1 1 0> It 
enables this to constitute six side walls 33 of the semiconductor layer 34 from the crystal face [ all (110) ] 
(mirror side), the time of forming an electron device which passes channel current on this side wall 33, since 
that the crystal face of a side wall 33 is mutually equal had the mobility of the electron in silicon, the same 
interface state density, etc. — six side walls 33 — all — setting — mutual — etc. — it means that it 
carries out, and it can be and channel current can be passed. 

[0030] In addition, each sides 35-40 of a pattern 30 do not necessarily need to lie at right angles to the 
direction of a crystallographic axis <1 10>. Like the sign 80 of drawing 5 , even when it rotates in the range of 
60 right and left centering on <1 1 1> shafts, the electric property of the crystal face of appearing along the 
sides 35-40 becomes equal mutually. 

[0031] Moreover, the side wall 33 of a trench 32 may incline in the depth direction besides a perpendicular 
flat side, and may be bent, six side walls 41 are altogether processed [ 33 ] into the same configuration, i.e., 
six side walls, — it is conditions to make all crystallographic electrical characteristics the same. 
Crystallographic electrical characteristics point out the electronic mobility in the silicon surface exposed to 
the side wall, interface state density, the growth rate of silicon oxide, etc. here. Furthermore, the base of a 
trench 32 is also a flat side, and also the curved field is sufficient. 

[0032] The 3rd pattern: The 3rd pattern was shown in drawing 6 . The gestalt which are six square shapes 
to which six square shapes of a pattern 30 lengthened distance of the distance x of a drawing longitudinal 
direction to the distance of the drawing lengthwise direction y instead of positive six square shapes is 
shown. In this case, the triangle 31 which connects the center and center of a pattern 30 turns into two 
equilateral triangles, and the distance c of the two sides is the equal distance. The triangular distance a is 
equal to the distance a of drawing 1 . The side of a pattern 30 is parallel to the side of the next pattern 30, 
and the distance b is fixed. Also in this configuration, the electrical characteristics of all the 6th page can be 
made equal. , 
[0033] Hereafter, the insulated-gate mold semiconductor device using the pattern mentioned above is 

explained. 

[0034] The gestalt of the 1st operation: Drawing 7 is the (A) plan and the (B) cross section showing the 
power-metal-oxide-semiconductor-field-effect-transistor element using the 1st pattern of drawing 1 . 
There are not the thing conventional with cross-section structure and a fundamental change. The 
fundamental pattern array uses what was shown in drawing 1 . 

[0035] That is, it is formed in the P type channel field 52 and the depth which a trench 32 reaches across 
the P type channel field 52 at N type drain layer 51a at the 1 principal-plane side of the silicon 
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semiconductor substrate 51 which has N type drain layer 51a and N+ mold drain layer 51b. Gate oxide 54 is 
formed in the surface of the trench 32 of thermal oxidation, and the gate electrode 55 with which the 
interior consists of polycrystalline silicon etc. is laid further underground. And the source field 56 of N+ mole 
is established in the surface of the semiconductor layer divided with the trench 32. The source field 56 
encloses the inside of the perimeter edge of the channel field 52 by fixed width of face. The contact field 57 
of P+ mold is formed in the surface of the channel field 52 surrounded in the source field 56. 
[0036] On the gate electrode 55, the insulating layer 58 by a CVD method etc. is formed. A periphery (equal 
to source field 56 periphery), 33 [52 ], i.e., the channel field, of a trench 32, defines a unit cell, and calls a ce 
field the field which has arranged many unit cells. At this time, a unit cell is equal to the configuration of a 
pattern 30 and arrangement which were shown in drawing 1 . That is, each unit cell has the configuration of 
six square shapes by plane view, and a trench 32 encloses the perimeter. A trench 32 has fixed width of 
face and the fixed depth, and continues. Moreover, two or more unit cells are arranged so that the eel pitch 
from the center to a center may become equal. These trenches 32 and patterns 30 are arranged at a 
honeycomb configuration like a "swage block" as a whole. 

[0037] And the metal electrodes 59, such as aluminum, are formed all over a eel field, and this insulating 
layer 58 is carrying out insulating separation of the gate electrode 55 and the metal electrode 59. And it is 
constituted so that electrical connection may be carried out to the channel field 52 through the contact 
field 57, at the same time a metal electrode 59 carries out electrical connection to the source field 56. The 
gate electrode 55 laid under the trench 32 interior is continuously connected to the electrode pad which 
can impress gate potential from the exterior in the part which is not illustrated along the slot of a trench 32. 
A drain electrode (not shown) is formed in the rear-face side of N+ mold drain layer 51b. Moreover, the 
metal electrode 59 touches both the source field 56 and the contact field 57 through the contact hole 60 
formed in the insulator layer 58. Thus, when a metal electrode 59 carries out parallel connection of each unil 
cell, the element for power is constituted as a whole. 

[0038] By adding electric field to the gate electrode 55, this trench mold MOSFET forms the inversion layer 
of N type along with the trench 32 in the channel field 52 of P type, and forms a current path between the 
drain layers 51a and 51b of the N-type semiconductor substrate 51, and the source field 56 of N+ mold. This 
current path is formed in all six fields. 

[0039] By having arranged the eel of six square shapes to Mr. **, the eel density per unit area can be 
improved sharply. Since the synthetic length of gate width GW also increases sharply in connection with this 
the current capacity per unit area can be increased. Specifically, it became possible to integrate tens of 
thousands of — hundreds of thousands of unit cells to the same chip size_(for_example, 1.0m_mx1 .0mm) as the 

former. , , . , , . /x 

[0040] In addition mobility of the electron in the channel field 32 is made to homogeneity by what (for 
example, a field (110) or the field of the near) the crystal face of a side wall 33 is chosen for so that it may 
become equivalent mutually. This means that the value of the current which flows to the channel field 32 
can be equalized in all the six crystal faces. Therefore, it is high power and the small MOSFET equipment of 
on resistance Rds (on) can be obtained. m 
[0041] Furthermore, the number of the contact hole 60 arranged for every unit cell can be increased by 
increasing the number of the unit cell which can be contained to per unit area. Therefore, the contact area 
of a metal electrode 59 and the source field 56 can be increased, and the contact resistance can be 
reduced. This induces the effect of reducing on resistance Rds (on) further. 
[0042] Such equipment can be manufactured by the following manufacture methods. 
[0043] 1st production process: — drawing 8 (A) — the silicon semiconductor substrate 51 which has N 
layer 51a used as a drain layer is prepared first 3 **. All over the eel field portion of N layer 51a, the 
diffusion layer of the P type used as the channel field 52 is formed by the ion implantation of boron. 
[0044] The 2nd production process: Form a trench 32 by etching the semiconductor substrate 51 by 
Fukashi who penetrates the channel field 52 to drawing 8 (B)3 Teruji, and reaches drain layer 51a. This 
prepares a opening in the oxide film formed all over said eel field according to the production process of 
phot lithography, and a trench 32 is formed by carrying out vapor etching of an anisotropy from the opening. 
[0045] And an oxide-film layer is formed in the trench 32 interior by dummy oxidation, and the defective 
layer of the silicon layer surface accompanying trench 32 formation is removed by removing the oxide-film 
layer Gate oxide 54 is formed in the interior of a trench 32 by performing gate oxidation after that. 
[0046] The 3rd production process: Embed the interior of a trench 32 with polycrystalline silicon by putting 
refer to drawing 8 (C), next a polycrystalline silicon film on the whole surface by CVD. And Lynn or boron is 
doped on a polycrystalline silicon film, and a polycrystalline silicon film is conductive-layer-ized. Next, 
etchback of the polycrystalline silicon is carried out, for example by isotropic vapor etching. And by 
suspending etching of polycrystalline silicon in the phase which the oxide-film 54 surface on the channel 
field 52 exposed, the gate electrode 55 embedded in the trench 32 is formed. 

[0047] The 4th production process: Form refer to drawing 8 (D), next the contact field 57 of P+ mold. This is 
formed by forming the opening of a resist mask in the portion used as the contact field 57 according to the 
production process of phot lithography, for example, carrying out the ion implantation of the boron. Next, the 
source field 56 of N+ mold is formed by forming the opening of a resist mask in the portion which serves as 
a source field according to the production process of phot lithography again, for example, carrying out the 
ion implantation of the arsenic (As). Since this source field 56 is formed of an ion implantation by using as a 
mask the upper limit section of the gate electrode 55 embedded at the trench 32, a diffusion layer is formed 
by the self aryne to a gate electrode. Thereby, variation in properties, such as threshold voltage, can be 
lessened. Next, insulator layers, such as NSG/BPSG, are put all over substrate 51, a opening is prepared by 
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etching the insulator layer so that the source field and contact field of the substrate 51 surface may be 
exposed according to the production process of phot lithography, and an insulating layer 58 is formed. 
[0048] And a metallic material is put all over a substrate 51 by carrying out sputtering of the metallic 
materials, such as aluminum, and the source electrode 59 is formed all over a eel field portion by 
photoetching and carrying out an alloy. Furthermore, the vertical mold MOSFET of a wafer phase is 
completed by putting a passivation film all over a chip, and forming a lining electrode (drain electrode) in the 
rear face of the semiconductor substrate 51 (refer to drawing 7 (B)). In addition, after forming the channel 
field 52 and the source field 56, the sequence which forms a trench 32 is sufficient. 

[0049] In the above manufacture method, formation of gate oxide 54 is based on thermal oxidation of silicon. 
When the side wall 33 of a trench 32 is constituted from the crystal face or the crystal face of that near 
altogether (110) at this time, the growth rate of gate oxide 54 becomes equal in all the fields whose number 
is six and can form the gate oxide 54 of the uniform thickness t1 in all the 6th page. This means that the 
threshold Vt in the channel field 52 can be equalized in six fields. Therefore, according to that electronic 
mobility is uniform and a threshold being equal, since a difference does not arise in a current value between 
each side wall 33, high power can be obtained, and also as shown in drawing 9 , the effect that the standup 
property of the threshold Vt of an MOSFET element is improvable is produced. 

[0050] Furthermore, when the base of a trench 32 is constituted from a field (111), the effect like a less or 
equal is induced. This originates in the growth rate of a thermal oxidation film when forming gate oxide 54 
being greatly dependent on the crystal face. . 
[0051] For example, it is as follows when the growth rate of the thermal oxidation film of each crystal face is 
compared on condition that 1000 degrees C and dry oxidation. 

(111)>(110)>(311)>(511)>(100) . . « 

That is, as compared with a field (110), the growth rate of a field (1 1 1) is somewhat quick. Therefore, as 
formation conditions for gate oxide, it is performing heat treatment of 1 000 degrees C or more preferably, 
and 900 degrees C or more of oxide-film thickness t2 ( drawing 7 (B)) in trench 32 base can be thickly 
formed about 10% rather than the oxide-film thickness t1 (refer to drawing 7 (B)) of the side wall 33 in a 
trench 32. For example, when thickness of the oxide-film thickness t2 of a side wall 33 is made into 500A, 
the oxide-film thickness t2 at the bottom can be formed in about 550A. An ambient atmosphere does not 
ask an oxidizing quality and a non-oxidizing quality. 

[0052] Thus, the capacity Cgd between the gate and a drain can be reduced by thickening the oxide-tilm 
thickness t2 54 of trench 32 base, i.e., the gate oxide of the part where the gate electrode 55 and N layer 
-51 a have counteredrand also resisting-pressure Vgd between the gate drains determined by this. thickness 
t2 can be enlarged. Making thin the gate oxide 54 of the part where the oxide-film thickness t1 55, i.e., a 
gate electrode, and the channel field 52 have countered on the other hand means increasing the current 
drive capacity of an MOSFET element. Therefore, it can be satisfied with coincidence of these conflicting 
requirements. r 
[0053] in addition, ** — the configuration where the radius of circle wore the portion of the shoulder ot a 
trench 32 ( drawing 8 B sign 100), i.e., the configuration of the part adjacent to the source field 56, is 
processible by adding high temperature processing [ like ]. Therefore, the covering nature of oxide films 54 
and 58, or the gate electrode 55 and an oxide film 58 improves. In addition, even when it replaces with silicor 
oxide and the silicon nitride SiN is used, the difference of thickness can be acquired similarly. 
[0054] The gestalt of the 2nd operation: Drawing 10 is the (A) plan and the (B) cross section showing the 
power-metal-oxide-semiconductor-field-effect-transistor element using the 2nd pattern arrangement of 
drawing 2 . It is the example which formed the gate electrode 55 inside the pattern 30 of six square shapes. 
The manufacture method is the same as that of drawing 8 . 

[0055] That is, it is formed in the depth to which many trenches 32 reach the silicon semiconductor 
substrate 51 which has the P type channel field 52 on the surface, and has N type drain layer 51a and N+ 
mold drain layer 51b in the lower part across the P type channel field 52 at N type drain layer 51a. Gate 
oxide 54 is formed in the surface of the trench 32 of thermal oxidation, and the gate electrode 55 with which 
the interior consists of polycrystalline silicon etc. is laid further underground. And the source field 56 of N+ 
mold is established in the surface of the semiconductor layer divided with the trench 32. The source field 56 
encloses the gate electrode 55 near the perimeter of the channel field 52. The contact field 57 of P+ mold 
is formed in the surface of the channel field 52 surrounded in the source field 56. 

[0056] On the gate electrode 55, the insulating layer 58 by a CVD method etc. is formed. The side wall 33 
(equal to source field 56 inner circumference) of each gate electrode 55 circumference defines a unit cell 
and calls a eel field the field which has arranged many unit cells. A unit cell is equal to the configuration of a 
pattern 32, and arrangement. Moreover, the side wall 33 of the channel field 52 consists of the equivalent 
crystal faces mutually so that it may be represented with a field (110). The channel field 52 continues in the 
shape of [ of a bee ] a nest. . ■. . « . 

[0057] The contact hole 60 which exposes P+ contact field 57 and N+ source field 56 is established in an 
insulating layer 58. The metal electrodes 59, such as aluminum, are formed in the surface of a eel field, and i 
connects with the source field 56 and the contact field 57 through a contact hole 60. 

[0058] The interior of a trench 32 is dotted with the gate electrode 55, and parallel connection is carried out 
with the aluminum electrode which is not illustrated. Each gate electrode 55 is surrounded in the channel 
field 52, and the channel field 52 continues. The source field 56 which encloses the gate electrode 55 
respectively is formed in the surface of the channel field 52. In addition, a configuration which P+ contact 
field 57 exposes to the part of a contact hole 60 partially may be used. 

[0059] The gestalt of the 3rd operation: This invention which lays a gate electrode underground in a trench 
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32 is applicable also like - (Insulate Gate Bipolar Transistor), for example, IGBT, which is not what is limited 
to a vertical mold MOSFET. 

[0060] Drawing 1 1 shows the example which applied this invention to IGBT equipment, a pattern 32 — 
drawing 1 and drawing 2 — it is applicable in both of the examples. Form the N+ layer 71 and the N type 
layer 72 on the P type substrate 70, and the P type channel field 73 is formed in the N type layer 72 
surface. The trench 74 which reaches the N type layer 72 from the surface of the channel field 73 is 
formed. Form gate oxide 75 and the gate electrode 76 in the trench 74 interior, and annular N+ source field 
77 is formed in the channel field 73 surface. Furthermore, P+ contact field 78 is formed in the channel field 
73 surface, and the metal electrodes 79, such as aluminum, are contacting the source field and P+ contact 
field electrically. 

[0061] This element is constituted so that it may supply as base current of the PNP transistor which forms 
this channel current with the P type channel field 73, the N/N+ layers 71 and 72, and the P+ substrate 70, 
while forming a channel in the channel field 73 of trench slot 74 wall and passing channel current from the 
source field 77 to the N type layer 72 with the voltage impressed to the gate electrode 76. Since 
conductivity modulation arises in said PNP transistor, this IGBT can reduce on resistance rather than an 
MOSFET element. The relation of the crystal face is equal to the gestalt of the 1st and the 2nd operation. 
[0062] The gestalt of the 4th operation: Drawing 12 shows trench mold MOSFET equipment when the 
configuration of the side wall 33 of a trench 32 is curving. The trench 32 and the pattern use the pattern 
array of drawing 1 (A). The side wall 33 of trench 32 flank is curving in the V character mold. In this case, 
although a field is not exposed to a side wall 33 (1 10), all 6 angle side walls serve as the equal crystal face 
mutually. Since other parts are the same as that of the configuration of drawing 7 , explanation is omitted. 
[0063] In addition, in the gestalt of each operation mentioned above, some six angles of a pattern 30 may be 
roundish, furthermore — and also field bearing of the wafer 41 ( drawing 5 ) surface has gone direct with the 
field correctly (111) — <1 1 1> crystallographies axis — receiving — the crystal face — abundance — you 
may incline at the angle of less than 5 times preferably. A main point is equalizing the electrical property of 
the side walls 33 of ail the 6th page. 

[0064] furthermore, the semiconductor device which controls channel current by gate potentials, such as 
for example, an electrostatic-induction thyristor (SIT), a gate turn-off thyristor (GTO), and an MOS control 
thyristor (MOT), comes out not to mention the ability to consider the gestalt of the operation which 
versatility deformed, without deviating from the meaning of this invention. Moreover, it is [0065] needless to 
say that any of the 1st - the 3rd pattern, and the gestalt of the 1st - the 4th operation may be combined. 
- [Effect of the Invention]-As explained above, this invention -can increase sharply the number of the unit cell 
which can be contained to per unit area by forming the pattern 30 of abbreviation 6 square shape with the 
side wall 33 of the semiconductor layer divided with a trench 32. Thereby, formation of high current capacity 
of the insulated-gate mold semiconductor device of a trench mold and reduction-ization of on resistance 
can be attained. 

[0066] In addition, since the touch area of a metal electrode 59 and the source field 56 can be increased to 
coincidence by increasing the number of the number of unit cells, both contact resistance is reduced and it 
can contribute to reduction-ization of on resistance. 

[0067] Furthermore, the electric crystallographic property of each side wall 33 of a trench 32 can be 
equalized by using a field bearing (111) substrate. The most typical example is the gestalt which a field (1 10) 
exposes to each side wall 33. since the current looked like [ each side wall 33 ] can be equalized by this, the 
resisting pressure deterioration by local current concentration can be prevented. 
[0068] Furthermore, since it can form so that the gate oxidation thickness t2 of trench 32 base may 
become size depending on selection and heat treatment of field bearing, the gate oxidation thickness t1 is 
reduced and the drive capacity of an MOSFET element can be increased further. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



"Drawing 2 



Drawing 3 



Drawing 4 



L Brief Description of the Drawings] 

"Drawing 11 They are the (A) plan for explaining the 1st pattern, and the (B) cross section. 
r ~ * They are the (A) plan for explaining the 2nd pattern, and the (B) cross section. 
It is a plan for explaining this invention. 
It is a perspective diagram for explaining this invention. 
It is a plan for explaining this invention. 
It is a plan for explaining the 3rd pattern. 

They are the (A) plan for explaining the gestalt of operation of the 1st of this invention, and the 

(B) cross section. 

Drawing 81 It is a cross section for explaining the manufacture method. 
fDrawing 9] It is property drawing for explaining this invention. 

Drawing 101 They are the (A) plan for explaining the gestalt of operation of the 2nd of this invention, and 



Drawing 5 



Drawing 6 



Drawing 7 



the (B) cross section 
Drawing 1 1 



,r.> ,wt. in It is a cross section for explaining the gestalt of operation of the 3rd of this invention. 
"Drawing 121 It is a cross section for explaining the gestalt of operation of the 4th of this invention. 



Drawing 13 



Drawing 14 



Drawing 15 



Drawing 16 



It is the cross section showing trench mold MOSFET equipment. 
It is the plan showing the conventional wafer (100). 
It is a perspective diagram for explaining the conventional example. 
_ It is drawing showing the pattern of a unit cell. 

Description of -Notations] _ _ _ _ - - - . _ _ _ _ _ 

30 Pattern 

32 Trench 

33 Side Wall 

54 Gate Oxide 

55 Gate Electrode 

56 Source Field 
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[0 0 17] 

t\ risers. io 

l o 0 1 8 ] *«98©^W»««tt. huv^cio-c 
ffifrffi** (111) O^aJIft^*^*^* 

[0019]S1 CDA*-> :B1B, h u>*«:J:o 

(a) (b) gHwar**. 

[0 02 0]J/y3>**«W5 1©HI«C. 
H—»K, -> 3 OTMBHtcKBStt 20 

X l 0 8© B ftjg.r * 0 if * L < 0 #1 2 0 

— ££ttSJ:5&cffiE3tt4o '**->3 0#iE 

3 1 4#iaT£cfc5*cffiE3*i*. 6^Jf$cDS2t'iK© 

[0 02 1 ] St§5 KDSiffitc h U>^3 2*sj|5flc3n 30 

H3 4 ©MS 3 3«?n6. ¥«fMIO(RK3 3 tt 
hW>^3 2 0ffliJiS-Cfc*S. >**->3 0WS**«A 

S£o-C, -rC*->3 0©Jgtttt. *»M3 40« 
EBi h U>^3 2<h^M"r€>®BfT3 2 aCCj:^r»ia 
3ft& 0 cn6CD h U>^3 2£-i, i/'j3>«BS!fi 40 

[0 0 2 2 ] » 2 ©'*£-> : 02tt, ^2 ©'>*£-> 
*mWT*>tcib<D (A) (B) 
D!l<DA£~->#, ^*->3 OOJHHft hU>^3 2 
3&i|fflt^COCC*tO-C, 3&2©^*->tt* ^->30O 

32#fttRtCj£fiEU frr?*->3 0©«H*— 5E*I, 
-£jB3©^#JB3 4#K')ffltr ii hU>^3 2cD^ 

Rli;<*«#»3 4(DflBJlS3 3^6ft 50 
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[0023] ctihoffiwicj:*) % m®mm$>tc*)irciR 

Jg©r?ir->& GftB<D^£->3 0 i©ittt«, El 1 
6 CC ten -C ^ L tc <DX~£B&T a . 
[0 02 4]I^t, *^B3 4 (DOBS 3 3CC?3oT 

[0 02 5] «±4CallWL/te»l ^2©A^-MCfe 
^($J13 4CD§Jit3 3CD^ B H a ffi^iltRTaci 

IP%, 6fl»©/<*->3 0«:»jCL/r, Its i©i 

( 1 1 1 > t btci><D~C$>Z 0 ft, ffi^fi ( 1 1 
1 ) x$4=< 1 0 0>H£ lr^toO, yW=< 

0 1 0>$4<b lT'3c*>0, (5IC< zii=<0 0 1 >$*<!: 

[ o o 2 6 ] d 3 a, -> =3 >#*SB©2:#S26:S:tt« 
din mfc*toxmuJifa&bmmi>tc¥-ffi 
m-c%>z>o cowirtt, (ill) 

U i^HcD6^CD22 3 5 — 4 0te*RffitC*f Ltlfi^fi 

^l/t, ^223 5-4 0#IE6^£tS/SU Sa23 
3 5-40 frcSHi^-SlMIS©^* 5 * HSUffi (110) 

T'^^c «Atf, (110), {101}. {011} 

(iio) ffifcStfoT3?ffi©ttfiffir*5. » 

[0 02 7] H4«, g23 5-4 0WS^T6flf^ 
Jf^L/cB#cO, BftaS:*r»taHr*4- 6fttt©± 
liTi* 1 (ill) Xttto^ffliSiiftO- S23 5 
^4 0«:SJ|£-r*aiKO:6o©fl(IH3&s. 4t (110) 

[0 02 8] C CE^ttttJilWa «tt**ffl"r ^ Cite 
J:^, ^29^B3 4©WJS3 3©teaffi J &SCHCl?b^ 
ffi"C»RSr4Ci*^fiB<!:ttS- HI (B) © 

W"Cti, S^^5f->3 0SCcH4CC^L/c6ftft€:ffia 
■T4J:5tt«««:"rn«, ^»#JB3 4©S»Jfi3 3CC 
(1 1 0) m^SaS-^SCi^alfigT-*^. g!2 
(B) ©«-CfcRiaccSfl!je3 3tC (110) tSSrStH 

[002 9] 3ll«©*aH*RB©»J6tc*yc>r tt. H 5 
CCtSO/c, tB^{4 (111) 0^t*^^^4 1 *«t^ 
^ 0 C©^x^4 10\ (111) ffi^StHU/c 

<1 10>iL/* -e©fl6©*<4Ttac». ^bT. 
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i o>oc*fbTBc^-rsj:o%iegr*, a^->30^ 

Bf&lT&o CfttcJ:D> ^ttB3 4<D6 0<DffliJ|g3 3 

±r < l l 0 ) ©ISfiW ( 5 5-1) r«8T5c 

^|S) SWIM 3 3 cc * ^jUS^iftf J; 

3&m^7^V*£ffMl>/c£*&c. 6ooffJM3 3^ 

[0 03 0 ]^ /<4r->3 0CDS23 5-4 0 #ISS 

ttlr>. H5<DW#8 0<O<t5tC <1 1 1 

lt£66 0Jgcr>«H"CiaKL/cJ®^-C4>, ^<7>i23 5 

^4 0CC»oTa«T5»Siiffi<Z)«»W&«FttW. 5l> 

[0 03 1 ]**:, h U>^3 2<DfflJK3 3 ttSittttT 

l> 0 SLOANS 4 l^Tl5li;JKJKtC»pXS-<iTli4C 

t , BP*> 6 oCDffliJS 3 3 OjgS^W^mmW^tt^ 20 

JIT. 3€>K\ F U>^3 2<Z>Effife¥fflffi-C*5« 

[0 03 2 ] S3^'^-> : EI6tC N g!3<D^£-> 
4:5* Lfc. 3 0CD6ftJg^iE6 AJKT«&< H 

£->3 OO+^i+'titttF^HAJ^S U*2^i2H 30 

tt. B?<D;**->3 0<Diai¥tf*C*0, -£<DSE«bW: 

[0 03 3IHT, tftl*** 
[0 03 4II1 CDHSScDffJSS : Hi 7 tt> EllOllO 
(A)¥ffiHL (B) KBBH-C*4. WlB»ffirfr*Se* 40 

(Dbcot m*&) temtteta i\ * - > ge?ij » 

[0 03 5] BP^, NSFU^BSla, N+SFU 
ffiMUfrc, P3Sf-**JUSliig5 2±» h l/>^3 2^PS 

ntc^ 6 -eit, h u>^3 2^Cctoi:(Kii$n/c^ 50 
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mitmommu:. N+s©v-*fi^5 6#Rtte>ft-c 

I > 4 0 V - 5 6 -7 1 + * 5 2 CDJ!HffiSf5CD 

rtW*— JStDMrK D Htf. 5 6TH£ftfc 

^ + *^«i*5 2©gffifc:H:P+SSG>:3>#* h^5 

[003 6] hm@5 5©±CC(JCV D£3FtCj:£ 
*B3WB5 8W»«Sni. F U>^-3 2CD3 3BP^^^ 

->3 0©«ttiE««:^Ll»- HPfe, 

aw at*, f u>^3 2w— sois, — 3£coaid%^F 
T-cD *fe f ^ = / *5 i ^ ^ j: 5 ccis?U 3 nn » 

4o cn6©hU>^32i^^->30», Mil 
[0 03 7] fit, -fe^IigfiCD^SOCT^^^^K 

j»5 9 3WR»6ti, c<d*6«)15 8*«y- baas 5 

h«li|S5 7^lT^^^MI«5 2tcm^gjW^ 
^ CcWfitS tirl* 4." hU>^32 rt'»'«C«R3 ft " 
fcy-FSft5 5tt, h U>^3 2 0«6C?So'CiligS 

6 0*/M,TV-*««5 6i3>^^ F«»5 7(Dp 

[0 0 3 8] CCDh U>^SMOSF ETH ^-hft 
©5 5&cm^£*nx£C<ttCj;D, Pffl©* + *-rt/«« 
5 2F^O F P>^3 2tC©o-CNMC0Stell^«;b, 
NM*««K« 5 1 CD F U -Y >® 5 1 a , 51biN + 

i*S8 B6-o cDffi^ "C Cc Jf^ 3 ft 4 o 
[0 03 9] Wf«{C6fl«©42iI/*EJIlyfcCiK:<t 

»cc». («Atfi. oimx 

1. 0mm) (C. »^«-»+^ffl©#fit-fe^*»Wa 

[0 040] jJDx.r, fflUlS 3 3©JSSffi*St^C^ffii 
ttSct^CCiglRrS <WU*. (1 10)IfeL<K 

ccfci^r, ^ + ^;u?fl^3 2(C?Sft5@S<Z>fB^^CC 



XL 

Rds (on) (D^S^MOSFETgg^SCi^ 

[oo4i] jek\ mimm^tci^am-c 

^>n>^^7 h?L6 0CDfi^^if^T'^^, o tot, £J5 
Ii5 9iv-^P15 6 <LCD=3>^^ htEfg4igAT 

taR d s (on) 4|gfCffi«"r - 

[0 04 3] »lIg:H8 (A) #M 
3W*S=K5 l^mfiT^o N/15 1 a<D-b;M£«8B#© 

[0 044] 92IS:B8 (B) #M 

hi/>f3 2«uf^ ctitemzz-t)imm<D± 20 

[0 045] -tor, #5-"BMbK:,fcD h U>*3 2W 

K^k^tT ^cir. hu>^3 

[0 04 6] ffl 3 Iff :H8 ( C ) #M 
#Mc, £*SSS"J 3>jR«:CVDtcJ:0±ffiCctta-r* 30 
C<t-£\ h U>^3 2(D[^a^^iSB a Bi> , J^>r'tS^iA 

-€-LT^**Jl^«i5 2±<DK J ftK5 4^ 

[0 04 7]^4Ig;i8 (D)#JtS 

p + S©a>** h««5 7*J&gM-*. cn« 40 

IIKJ:*) U^X hv**<Diap*J&J3EU 

v y 7 7 .< cDxmic <t o v - 7s mm tuz u& cc u 2* * 

hv**0WIP**liSU WAtfiB* (As) 4^*>& 
AT 5 c i r N f So y - x 5 6 iSt ^ „ 

US 5 5 co±ffigP4 vx^ilt^ >SAtc J: 0 JfcfiX 
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^*4^*<"C#-5. &CCNSG/BPSG3?<D«ttK 
4««5 1 £ffltC«»U * h U ^CDXfltCJ: 

T S <fc 5 x v ?>WZ>£± -CBBP4R 

[0 04 8 ] -ei/T, r^a^o^wttwi^y^y 

*bxsr^>y, ra»/t^Cit, ^U$BLSSItfK>:£ 
Etc V - * 5 9 4 JfJlST & B M^C ^ v ^raCC/A v 

KPgO*a®MOSFET^S5J« (H7 (B) #JS) T 

«L ? t *MI«5 2 «bV-^5 6 eJfiSL/c 
SUC h U>^3 2*«JaT&JB#rfc;fr*:bttl>. 
[0 04 9] Ja±©»ift*S*c»t»r, y-hBMfc«5 
4 0^fi£(i>' , ;^>CD^fbCC c fc5„ CCD<h^ HU> 
^■3 2©fliJII3 (110) *SSffl**l>tt-£<D 

J$h-ftJ*»t hHMtB5 4*Jfr?re#*. CO 

Cilt 6 0<£ffiT?^**;MS*iS5 2K*j0^4U#l^fil 

Dt^tth-r * & C <h S CJfH If sWIWi? #>&c itCct^r 

T\ Wffl;fc&f#&C£aUB*£fft. 13 9 ictjk L/c J: 5 
tC, MOSFETiiCOl^fiV t©i^^tt 

[005 0] h U>^3 2<£>Sffi4 ( 1 1 1 ) ffl 

[005 1] WiLtf 1 000U K ^ ^^bO^ftT'S 
^BffiO^fbflicDfSSU- h4hb$i?Tai, WTOJ; 

(1 1 1) > (1 1 0) > (3 1 1) > (5 1 1) > 
(100) 

EP% % (110) n«Cjt«tyT, (111) 

^ttilt9 0 0 "CW±, $^K(il 0 0 0 *Ct(±<D 
f^JfflaSriT 5Cit, h U >^ 3 2 KfcW S WJS 3 3 <D 
gSibMi^tl (07 (B)#HS>J:0^, hU>^3 2 
jKMKIteWSMibBlff t 2 (H7 (B))*fil0%8 
KW<JBJSSr*S. A8S3 3<D»{b«/»t 20 

RfiSOOAiOfcW^ JSffiOffi^tBIJSt 245 

[0 05 2] CO«Hc, h U>^3 2 JSMOl^bflg/f t 
2. BP^y- h«ffi5 5 <bNH5 1 a iAWnbT^S 
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*^*<r*4. mimmi lup^y-hnns 

0, hU>^3 2CDSCDg|?» (H8BW1 00) , BP 

[0 0 5 4 ] » 2 HI Ote, 12©I2 

tST (A) TfflH, (B) rrSH"C^>^ 0 6M©^* 

WJft*j*ttH8 iHI«-C*4. 
[0 0 5 5] HP% % »CPI^t^JW5 2^ 
U *OT8PCCNSSKU^>H5 1 a, N+MKb-Y> 

lis i b tsw-rsi'y^ 5 ICC, ^£fc<D 

hl/>f 3 2^PSf t*^»«5 2^Sx.TN^FU 
^>B5 1 a (Cit tc^SSnt ^ «. -£<DrU 
>^ 3 2 ©affiKttfc&BMtte <fc 0 rBWbl«5 4**J& 

rrs Htc-t^spw^tta^ u =3 >^#> 6 a 

cfc oTEDSc* ti/c*z»f*H^ffi N + MO V - * 

n>*^ K«i|g5 7^R!E3ti4. 
[005 6] MSB 5(D±&C(*CVDi£^C c fc& 

mm 5 8 §na 0 gy- r s« 5 5 jffiaoffjfi 

33 (y-*««5 Brt/SCcSfUiO *s#tH2-iV*«« 
U 4M4 -b ^* ^»iBB L tcffim £ Hz £ f ft T £ . 

* + *;u««5 2cDffliiS3 3te (110) fflrf^*sn 

*^««5 2tt»(0*l*«:il«-r*. 
[0 0 5 7 ] *fej§H 5 8 OCteP + 3>^^h?W57i 

[0 05 8] h^155 5ii r U>^3 2<DF*3SBCC* 

h««5 5«^ + *;l/««5 2-CBX0H* 
ft, ***;U««5 2W«tft-rS. ?t*;HR«5 2(0 
MalCtt^- h^SS 5 4S^ffi«3ffltfy-^««5 6 
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WCCP+:3>** h«JS5 7#BW*4J:3fc1llJE3E-ei 

[0 0 5 9 ]»3(DHIfi©3^«: r 3 2rt^cy- 

^«ffi*SRTS##fe9Jtt. iSMO S F E Ttc|«£3 
ft&feCDT'&ifr^ • #tR{£lGBT(Insu'late Gate Bipolar 
Transistor^ fcBHiKlSfflnJffiT* £<, 

[ o o 6 o ] m i i »*, i g b rmmtcmm l 

U>J-CfcilSffl*«oJfiBr*So P^StS7 0cr>±^CN + J17 
10 1 tNmm7 2ZBf&L, 2*ffitcP§??-+* 

H7 2CC»-TS hU>^7 4*JI5J3Eb. hl/>^74rt 

*;HS*$7 3*ffiCC«ttON+y-^?I«7 7 £7£/S 
L/ v HCC?- + *;b«l«7 3*ffi|CCP+a>if^ h«l*7 

[0 0 6 1 ] CCDfPm*. hmS7 BCCEPifflL/cS 
EEtCi-j-C h U>^?H7 4ftSO^t*^7 3tC^ 
20 + *;l/£7fjjau y-X««7 7 3&»6NSJB7 2*^ + 
*^«**«E-Ti*«:. tt^ + *^«**Pa!^i'*^ 
SRW7 3, N/N + 17 1, 7 2, MP+lS7 0i 

NP h^V^X^re^jg^P^o^CDT?, MOSF 
ET^J:?)fe*>ffiJn*«i;SC<?:]^ai3fea B ISSffl 

10 0G 2] n4r<Dmm<DB1&: Ml 2«, FU>^3 

2 01S3 3©»t»t3&«»ttU-Cl»4»^©. FU>^M 
30 MOSFETgg^ltt^o hU>f 32tA^- 

>BH1 (A) CD^'»->i3?iJ«:fflt»Tl^S. h 

3 2lWSP©fflJll3 3^V?IWSiltl^ e COJ# 

ms 3 3«:« (110) H^asai-rstorwtet^ 

[0 06 3 1 SI, ±j^L/cSSIi6©^J[8tC*j^r, 
->3 0(D6oCDft«^3fL^^^D £ T«>^l^ HfrC, 
^*;>4 1 (05) *ffl<Dffi^ffi*siE«6tc (1 1 1) ffi 
iitfTLTOStt, <1 1 1 >^$ilCC^tU-C^ B B Q ®^ 
40 »$b<^5aw^Mt«Lti^fcS 
i>. W^F-tt, 6ffi±r<DflWe3 3©«»1#14*^9«:"r 

[0 06 4 ] M^, #»?B(D«g*ja»r*Citt< . 

c0«a>ccfcm«»«R*tf-Y »j^*(sit). y 

- h^->^^1f-Y (GTO) . StfMOSWW 

(mct) to, y-hs&aotft^ 

50 ft&mft^t>#Xi>£^C ittS5*-Cfettl» 
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[0065] 

b ± * > JStSO(K«^ t * HI 5ci#HJ* 

[0 0 6 6 ] Wt, »tt^l/tt©ffl«*Jf^*Ci 
KJroT, [5lB$tc£Jii^ffi5 9 iV-^*«5 6 t©» 

ffiKofeffi bcc * & o 

[ 0 0 6 7 ] Wfc* ffi^fi (111) S«*JBl»SC £ 
J: D , hU > * 3 2 ©*«1S 3 3 OfftB^JMWtt 

t3 3tc (i io) H*siiffl"r4ji5JB'c*s. cntci 

[0 0 6 8 ] Stc v H*tt©jSIRi<ft«l«ecj:-ortt, 
h U>^3 2j£ffi<D*'~- hBrtbJRff t 2*Wctt*J:5 
«SBfiKr#4©'C, y-h«fbW»t i ft* or mo s 



[n i ] m\<ort%-is*mmir*>ictb<D <a> 
bl (B) tKBia-c**. 

[02] ^20^^->«:ift?8-rs/c»!)© (A) ^Pffi 
H. (B) KIHr*S. 
[0 3] 2|s:»?8*K?B-r*yta?>(D¥ffi0r*S u 
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* [S4 ] *^ft^*r^/cto<DMmia-c$)S„ 
[as] *mn*WR?&ic#><Dsmmvb*>* 

[0 6] »3O^5f->ftlftM-rSfc*©¥BB0tT* 
[0 7 ] #2MB<Z>3* 1 OHifiOJBSSftKWrS/ciiXO 

(a) ^ffis, (b) mmm-c&z* 
[08] »it*ffi*»wr*fc«>©Wffiia'c*s. 
[09] *%m%wmir &ic$>o , $wmvthZ>* 
[0io] *mw<Dm2<Dnifo<Dm&zmM?2>tcisb<D 
io (a) w-mm, (b) wbsht?**, 

[011] *&W<Dm3<oni&®B1&*&*M'?Z>tcib<D 

[012] #ftW(Dm4omt&oBn&%i&w-s~&tcit><D 

KM0-CA4. 

[013] bl>>?mMOSFETmW*frr?l&immX' 

[014] wfc<o (ioo) o *^%7Ti-?¥mm~e& 
[015] vmmzifrwt&tc&cDmjLm-eihz* 

20 [016] #{a-te;KD/>*^->«**rHT?*S. 
3 0 

3 2 >P>* 

3 3 fflJM 

5 4 hISfbJJS 

5 5 y-ma 

5 6 V-^«« 



[03] 



[04] 



[09] 



(i 1 n 




(In) don 

37 




(110) 



(110) 
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[HI ] 



[12] 




(B) 



3 0 92 (HO) (UD 




51 33«K till) 34¥i<tl 



[15] 




3 2 hl/>^ 



(HI) 30 (32) 




(110) 



(110) C111) 




4 i*aM*->xA 



o.F(no) 




[B6] 



^>>=<o: 





x 



1 3D 3 2 
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17 IS 16 17 IB IB 19 
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[011] [HI 5 3 




(13) 
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[0 10] 



(A) 52 
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